Results of daylight illuminance measurements of the field testing of two light guides with different roof installations is presented in the article. The first one is a common tubular system with a glass roof dome and the second one is a new light guide prototype with a concentrator head. The daylight illuminance was measured in a test chamber with the light guides installation. The measurements were carried out at the end of a summer season from August to September 2017. The measured data show differences in the daylight illuminance of the two tested light guides. The measured data were compared with simulation outputs in software Holigilm. In summary, it was found that the common light guide is about 37 percentage more efficient in light transmittance compared to the new light guide prototype. In temperate climate with dominant cloudy and partly cloudy daylight conditions the common light guide transmitted more light that the device with the concentrator head which reduced light transmission much more.
Introduction
Light guide are tubular devices that transmit daylight into internal parts of buildings. They are usually installed in roofs constructions [1] . Common light guides consist of roof domes, tubes with mirrored surface and diffusers. Daylight is transmitted through the roof dome into the tube and it is scattered in the interior due to the diffuser [2, 3] . Optical properties of light guide components and their installation are key factors influencing the light guide efficiency [3, 4] . Most research projects have been focused on the solution of light guiding systems recently. Evaluations and studies of light guides were mostly focused on the influence of tubes and their dimensions as well as reflectance on the daylighting inside of building interiors [6] [7] [8] [9] [10] [11] . Theoretical studies were pointed on the light transmittance of tubes with high reflective surfaces [12, 13] . Analytic descriptions, physical models as well as algorithms and computer simulations of various types of light pipes were published [14, 15] . A physical model for interior illuminance calculation applied to cylindrical guiding systems was developed [16] . Ray-tracing models [17] [18] [19] were used for developing of the light guide models and progressive photon mapping and stochastic progressive photon mapping were tested [20] . The simulations were used for the modelling of the real building and light guide design [21] [22] [23] [24] . Achieved and predicted installation performances were studies [25] and good design practices of the light guides installations were published [26, 27] . Light reflectance of the light guides influences light transmittance through the light guiding systems. Installations of roof transparent covers play also important role in the light guiding design and their applications. Transparent covers at the top of light guides in roof installations are usually completed by domes or collector heads. Domes are made of glass or transparent plastics like PMMA. Collector heads have glass cover over a system consisting of mirrors and/or parabolic concentrators focusing light rays into the light tube [28, 29] . The light focusing elements and reflecting parabolic head are used for enhancement of the light guiding systems efficiency. Efficiency of the light guiding systems is important for both the indoor visual comfort and energy savings [30] [31] [32] . Applications of the light focusing and redirecting reflective elements for light guides should be considered in the context of the light guide geometry and its installation in the building constructions. Otherwise the very efficient light guide system but installed in less favourable position in the roof could decrease its efficiency as it is presented in the article. The article demonstrates main results of field testing of two light guides with different roof installations. Presented study is focused on the light guide transmittance has been involved into the university research project orientated on research of advanced materials, structures and technologies. A comparative study was carried out for two light guides with different roof dome installations. The study was carried out for the testing of the new light guide prototype and potentials its applications compared to the common light guide systems in temperate climatic conditions. The light guide prototype has a special light concentrator head. The head consists of two parabolic mirrors which concentrate and redirect sunlight into the tube. The prototype is compared with the commercially available light guide with transparent roof dome without any concentrator mirrors. The comparative study was completed in the field test chamber under real sky conditions. The purpose of the testing is to find advantages and possible drawbacks of the prototype light guiding system and suggest some improvements for its applications in buildings. 
Method
Two light guides with identical tubes of length 0.6 m and diameter 0.52 m were installed into a roof of a test chamber, Figure 2 . Light guides have different roof domesthe first one has a mirror parabolic head with a flat glass cover (light guide LP1) and the second one is with a glass cupola (light guide LP2), Figure 1 and Figure 2 . Both of the light guides were equipped by internal transparent plastic coverdiffuser. The diffusers scattered light into the chamber. The chamber internal room is separated by curtain into two identical parts. Each light guide is installed over its own part. Daylight illuminance chambers was monitored simultaneously.
Internal surfaces of the chamber were faced with black cloth. It means that only sky component of daylight transmitted through the light guide influences indoor illuminance levels. External horizontal illuminance on roof of the test chamber was also monitored. A set of calibrated illuminance meters Lutron LX-1128SD were used for the experiment. Achieved measured illuminance were completed in one-minute monitoring intervals for one month period between 22 nd August and 23 rd September 2017. The monitoring time period is characteristic with number of days with clear sky conditions and higher external illuminance levels of the end of the summer period. These conditions are more convenient for the intended comparative study. Illuminance meters were positioned in the axes of the light guide and in the distance 2.8 m from the light guide diffuser. The testing was completed in the temperate climatic region of city Brno in the Czech Republic, latitude 49°12', longitude 16°37', altitude 237 m. Figure 4 . It is obvious that the illuminance under LP2 is higher compared to the daylight level under the LP1. This can be noticed in daily illuminance profiles of characteristic days shown in Figures 5 a 6 . Measurements for partly cloudy sky gives more correlated data (Fig. 5 ) compared to the illuminance under sky with dynamic illuminance variations (Fig. 6 ). Values of mean, median, maximum and minimum values over the monitored period are summarized in Figure 7 . In summary, the percentage of the difference of mean illuminance values from the illuminance measurements under LP1 and LP2 is shown in the graph of Figure 8 . Results from the presented measurements gives information that the LP1 transmitted all the time more daylight compared to the LP2. On an average, the light transmittance is reduced about 37 percent as shown in Figure 8 . It means that the concentrator head of the LP1 prototype is obstructive for daylighting during partly cloudy and cloudy sky conditions. 
Daylight simulations
Daylight simulations of the tested light guides LP1 and LP2 were run in software Holigilm [16] . Simulations were carried out for the 1st September, overcast sky [33] to be compared with data from measurements at daytime 12:00. Parameters selected for the simulations are: Simulation output are in conformity with the measured data. The illuminance simulations also confirm that in this case the light guide LP1 with the concentrator head is less efficient system that gives lower illuminance level on the working plane indoors compared to light guide LP2. The concentrator head in static horizontal position represents an obstruction for daylight transmittance. Especially for overcast and partly cloudy sky conditions the system with the concentrator head in static position is less efficient. Also the secondary concave mirror of the head appears to be less convenient than the convex one. If light rays affect the concentrator head at low solar altitude they are reflected outside of the focus mirror. Then light transport is due to multi-reflections inside of the light tube and the effect of the concentrator head is not fully used. It is recommended to complete the concentrator head with a sun tracking system for activation of the head direction towards the solar radiation in case of the clear sky. Example of the light reflection and redirection on the parabolic head on the 1st September at 9:00 and 12:00 is shown in Figure 10 in parabolic head position 0° (horizontal), 25° a between 40°-55°. Dependence of the rotation on the solar altitude is shown in Figure 11 . 
Conclusion
Two comparable light guides with different roof installations were investigated. The case study was focused on evaluation of the common light guide with the glass roof dome and the new prototype with the roof concentrator head. The measured daylight illuminance data show light efficiency differences between two tested light guide systems. It was proven that the roof installation with the glass dome (LP2) is more efficient than the prototype with the light concentrator head (LP1). The concentrator head of the LP1 creates obstruction for daylight penetration in case of its static horizontal position. Daylight illuminance levels in the part of the test chamber illuminated by the LP1 are reduced about 37 percentage compared to that achieved the chamber illuminated by the LP2 system. The evaluation was done for conditions representing the region with temperate climatic with dominance of overcast and partly cloudy skies. Daylight simulations using software Holigilm give overview of daylight illuminance for tested light guides and comparison of measurements. Simulation outputs are in conformity with the measured data. The simulations also confirm that in this case the light guide with the concentrator head LP1 is less efficient system because gives lower illuminance level on the working plane indoors compared to the light guide LP2. The light guide prototype with the concentrator head LP1 was tested within the frame of the dissertation research. The further investigations of the light guide prototype is aimed at its installation in real buildings with different roof structures, slopes and orientations towards cardinal points. Some improvements of the light guide are recommended for its application in temperate climates as the system with movable concentrator heads completed with roof heliostats directing solar radiation inside of the light tube. The installation of the concentrator head should be more efficient in sloped roofs oriented towards the south. The most efficient the light guide system LP1 would be in case when the light concentrator is equipped with a sun tracking system. This solution is more expensive compared to common light guides with glassed cupola. The sun-tracking light guide system is suitable for hot climates in installations exposed to intensive solar radiation.
Parabolic head position

